Sonic hedgehog signaling pathway is activated in ALK-positive anaplastic large cell lymphoma.
Deregulation of the sonic hedgehog (SHH) signaling pathway has been implicated in several cancers but has not been explored in T-cell lymphomas. Here, we report that the SHH/GLI1 signaling pathway is activated in anaplastic lymphoma kinase (ALK)-positive anaplastic large cell lymphoma (ALCL). We show that SHH, but not its transcriptional effector GLI1, is amplified in ALK+ ALCL tumors and cell lines, and that SHH and GLI1 proteins are highly expressed in ALK+ ALCL tumors and cell lines. We also show that inhibition of SHH/GLI1 signaling with cyclopamine-KAAD, as well as silencing GLI1 gene expression by small interfering (si)RNA, decreased cell viability and clonogenicity of ALK+ ALCL cells. Transfection of wild-type or mutant NPM-ALK into 293T cells showed that only wild-type NPM-ALK increased GLI1 protein levels and activated SHH/GLI1 signaling as shown by increase of CCND2 mRNA levels. Inhibition of ALK tyrosine kinase and phosphatidylinositol 3-kinase (PI3K)/AKT or forced expression of pAKT down-regulated or up-regulated SHH/GLI1 signaling, respectively. Inhibition of GSK3beta in 293T cells also increased protein levels of GLI1. In conclusion, the SHH/GLI1 signaling pathway is activated in ALK+ ALCL. SHH/GLI1 activation is the result of SHH gene amplification and is further mediated by NPM-ALK through activation of PI3K/AKT and stabilization of GLI1 protein. There is a positive synergistic effect between the SHH/GLI1 and PI3K/AKT pathways that contributes to the lymphomagenic effect of NPM-ALK.